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(54) Ascorbic acid tocopherol phosphate diesters 

(57) This invention provides a phosphoric diester of formula (I) which is available on di-esterification of phosphoric 
acid with L-ascorbic acid involving its 5-hydroxyl group and tocopherol involving its hydraxyl group or a pharmacologi- 
cally acceptable salt thereof. 




The compound of the invention can be used with advantage as an antioxidant (radical-scavenging) agent and a 
prophylactic and therapeutic agent for ischemic organ disorders (e.g. myocardial infarction, heart failure, arrhythmia, 
cerebral infarction, stroke (cerebral apoplexy), renal failure, etc.). 
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Description 

BACKGROUND OF THE INVENTION 

5 1 . Field of the Invention 

The present invention relates to a novel and useful phosphoric di ester compound, a process for producing the 
diester compound, and an antioxidant composition and a prophylactic and therapeutic composition for ischemic organ 
disorders each comprising said diester compound. 

10 

2. Description of the Prior Art 

Oxygen is not only an indispensable substance for living matter but also a toxic substance causing oxidation disor- 
ders, in living things, most of available oxygen functions as an electron acceptor in the energy metabolic pathways for 
is the maintenance of life. However, oxygen can be an etiologic factor in a variety of functional disorders of tissues such 
as impairment of biological membranes due to production of lipid peroxides, disturbance of the redox system and injury 
of normal tissues associated with the overdefending activity of neutrophils [Hiroyuki Shimazaki: The Lipid, 3(3). 222-228 
(1992-4)]. 

As drugs capable of suppressing such reactions due to activated oxygen (active oxygen), especially those drugs 
20 which inhibit oxidation of membrane lipids to stabilize the membranes, L-ascorbic acid and dl-a -tocopherol are known. 
However, these compounds have been found to be inadequate for implementation as pharmaceutical products in terms 
of potency, water solubility, and stability. 

Moreover, the phosphoric diester available on di-esterif ication of phosphoric acid with L-ascorbic acid involving its 
2-hydroxyl group and tocopherol involving its hydraxyl group has been reported to have prophylactic and therapeutic 
25 efficacy against ischemic organ impairments because of its antioxidant properties (U.S.P. No. 4,948,786). 

Under the circumstances the inventors of the present invention did much research to find a compound structurally 
analogous with said diester but having still more potent antioxidant activity and higher water solubility. As a result, they 
succeeded in synthesizing a phosphoric diester of the following general formula (I) and its pharmacologically accepta- 
ble salt and found that these compounds have very potent antioxidant activity and prophylactic and therapeutic efficacy 
30 against ischemic organ disorders as well as improved water solubility. The present invention has been developed on the 
basis of the above finding. 

si 

SUMMARY OF THE INVENTION 

35 The present invention relates to 

(1) a phosphoric diester of formula (I) which is available on di-esterif ication of phosphoric acid with L-ascorbic acid 
involving its 5-hydroxyl group and tocopherol involving its hydroxyl group or a pharmacologically acceptable salt 
thereof [hereinafter referred to as compound (I)]; 
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(2) compound (I) wherein said tocopherol is a - tocopherol; 

(3) a process for producing compound (I); 

(4) an antioxidant composition comprising compound (I); and 

55 (5) a prophylactic and therapeutic composition for ischemic organ disorders which comprises compound (I). 

DETAILED DESCRIPTION OF THE INVENTION 

Th salt f comp und (I) includes any and all pharmacologically acc ptabl salts, thus including alkali metal salts 
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such as sodium salt, potassium salt, etc. and alkaline earth metal salts such as calcium salt and magnesium salt. 

Compound (I) can be synthesized in accordance with the following reaction schema or any version thereof. Thus, 
compound (I) can be synthesized by reacting compound (II) with compound (III) to give compound (IV) and deprotecting 
compound (IV). 

5 




In the above reaction schema, the compound of general formula (II) is ascorbic acid whose hydroxyl groups in 2- 
and 3-positions have been protected and each A represents a hydroxy-protecting group, which may for example be ben- 
35 zyl or methoxymethyl. 

Referring, further, to the above reaction schema, compound (III) is a tocopheryl dihalogen phosphate and each X 
represents halogen such as chlorine, bromine or iodine. Tocopherol may for example be a -tocopherol, p -tocopherol, y 
-tocopherol, or 8 -tocopherol and any of them can be used with advantage for the purposes of the present invention. 
The preferred halophosphorylating agent includes phosphorus oxytrichlorkJe and phosphorus oxytribromide, among 
40 others. 

The reaction of compound (II) with compound (III) to give compound (IV) [wherein A is as defined above] is con- 
ducted in the common solvent such as tetrahydrofuran, dioxane, dichloromethane. acetone or the like. However, any 
other organic solvent that does not interfere with the reaction can likewise be employed. In this reaction, an organic 
base is used as the dehalogenating agent. The base that can be used includes but is not limited to pyridine, diethyi- 
45 amine, trimethylamine, and triethyfamine. The reaction temperature is not so critical but the reaction is generally con- 
ducted under cooling, at ambient temperature, or under mild heating. This reaction goes to completion in about 4 hours 
at 50°C. 

The reaction for conversion of compound (IV) to compound (I) can be carried out by a suitable method as selected 
from among known methods according to the kind of protective groups used for protecting the hydroxyl groups of ascor- 

so bic acid. Taking the case in which the protective group is benzyl, for instance, hydrogen gas is bubbled through the reac- 
tion mixture including palladium (5%) -on-carbon (catalytic reduction) or in the case where the protective group is 
methoxymethyl, a hydrolysis reaction is carried out using an ordinary acid such as hydrochloric acid, sulfuric acid or 
phosphoric acid to give compound (I). As the reaction solvent, any of the common solvents such as ethyl acetate, meth- 
anol, ethanol, water, tetrahydrofuran, dioxane, dichloromethane, acetone, etc. can be employed. Any other organic sol- 

55 vent that does not interfere with the reaction can also be employed. The reaction temperature is not so critical but the 
reaction is generally carried out under cooling, at ambient temperature, or under mild heating. The reaction goes to 
compl tion in about 16 hours at ambient temp rature. 

Compound (I) thus obtained, is a nov I compound nev r heretofore documented and has potent antioxidant (radi- 
cal scavenging) activity and high water s lubility. As such, compound (I) do s effectively inhibit production of peroxyli- 
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pids and in vivo oxidation reactions inducing the crosslinking of protein so that it can be used with advantag as a 
prophylactic and therapeutic drug for ischemic organ diseases (such as myocardial infarction, heart failure, arrhythmia, 
cerebral infarction, stroke (cerebral apoplexy), renal failure, etc.), cataract, and other diseases or as an antiaging drug. 
Furthermor , compound (I) is xpected to find application as a prophylactic and therapeutic drug for climacteric distur- 

5 banc or an antiinflammatory drug. In addition, compound (I) can be formulated into cosmetic and food products. 

When compound (I) is put to use as a pharmaceutical preparation for the above-mentioned diseases, it can be 
administered orally or parenterally, either topically or systemically. in any of the usual dosage forms including tablets, 
powders, granules, capsules, syrups, injections, eye-drops, etc. These dosage forms may contain the known pharma- 
cologically acceptable additives which are generally used in the pharmaceutical industry, such as the carrier, excipient, 

10 diluent, buffer, isotonizing agent, preservative, stabilizer, emulsrfier, thickener, chelating agent, pH control agent, solu- 
bilizer, and surfactant in suitable proportions. 

When compound (I) is used as a cosmetic material, it can be formulated into creams, lotions and toilet water for the 
purpose of absorbing ultraviolet light, for skin care, or stabilizing other cosmetic ingredients. When this compound is 
incorporated in cosmetic products, the ingredients which are generally used in such products can be added in suitable 

is proportions. 

For application of compound (I) as a drug, the dosage depends on the particular species of compound, the type of 
disease to be treated, the route of administration, the symptoms to be controlled, the patient s clinical status, age and 
other factors. Taking an injection as an example, about 0.1 mg to about 30 mg per dose can be administered once a 
day to the average adult. In the case of an oral preparation, about 1 mg to about 100 mg can be administered a few 
20 times a day to the average adult. For the treatment of cataract in an adult patient, a few drops of an ophthalmic prepa- 
ration of about 0.01 -5 (w/v) %, preferably about 0.05-2 (w/v) %, concentration can be instilled several times daily. 

For use of compound (I) as a cosmetic ingredient, its concentration should be dependent on the species of com- 
pound, the type of cosmetic product, and the objective of formulation but the recommended level of addition is generally 
about 0.001 -5 (w/w) % and preferably about 0.005-0.2 (w/w) %. 
25 For addition of compound (I) as an antioxidant to food, the proper level of addition is generally about 0.001 -5 (w/w) 
% and preferably about 0.005-0.2 (w/w) %, although the specific level should vary with different species of the com- 
pound and kinds of substrate foods. 

Depending on the objective and needs, two or more species of the compound of the invention can be used in one 
and the same unit dosage. 

30 

EXAMPLES 

The following examples and formulation examples are intended to describe the present invention in further detail. 

35 Example 1 Synthesis of L-ascorbic acid 5-[3,4-dihydro-2,5,7 ( 8-tetramethyl-2-(4 l 8,12-trimethyltridecyl)-2H-1-benzo- 
pyran-6-yl hydrogen phosphate] 

(1) Synthesis of 2,3-0-dibenzyl-5.6-0-isopropylidene-L-ascorbic acid (known compound) 

40 In a mixture of N.N-dimethylformamide (300 ml) and tetrahydrofuran (250 ml) was dissolved 100 g of 5,6-O-isopro- 
pylidene-L-ascorbic acid followed by addition of 128 g of potassium carbonate. While this mixture was held at a temper- 
ature not over 30°C with stirring, 206 g of benzyl bromide was added dropwise. This reaction mixture was neutralized 
by adding 60 ml of acetic acid and 800 ml of purified water and extracted with 800 ml of dichloromethane. The extract 
was washed with 400 ml of saturated aqueous sodium hydrogen carbonate solution, dehydrated over anhydrous mag- 

45 nesium sulfate, and concentrated under reduced pressure. The residue was recrystallized from 500 ml of ethyl acetate 
and 50 ml of isopropyl ether and the crystal crop was dried in vacuo to provide 80 g of 2,3-0-dibenzyl-5,6-0-isopropyli- 
dene-L-ascorbic acid. 

(2) Synthesis of 2,3-O-dibenzyl-L-ascorbic acid (known compound) 

.50. , . ... 

In a mixture of tetrahydrofuran (250 ml) and diluted hydrochloric acid (200 ml) was dissolved 80 g of the above 2,3- 
0-dibenzyl-5,6-0-isopropylidene-L-ascorbic acid and the solution was stirred at 40-45°C for 2 hours. After completion 
of the reaction, the reaction mixture was diluted with 300 ml of purified water and extracted with 600 ml of ethyl acetate. 
The extract was washed with saturated saline solution and the ethyl acetate layer was dehydrated over anhydrous mag- 
55 nesium sulfate and concentrated under reduced pressure. The residue was recrystallized from 80 ml of ethyl acetate 
and 600 ml of hexane and the crystal crop was dried in vacuo to provide 70 g of 2,3-O-dibenzyl-L-ascorbic acid. 
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(3) Synthesis of L-ascorbic acid 5-[3,4<Jihydro-2,5.7,8-tetramethyl-2-(4,8,12-tri^ 
hydrogen phosphate] potassium 

In 200 ml of tetrahydrofuran was dissolved 20 g of th above 2.3-O-dibenzyl-L-ascorbic acid followed by addition of 

s 10 g of pyridine. To the abov solution of 2, 3-O-dibenzyl- L-ascorbic acid, a solution of 28 g of tocopheryl phosphorod- 
ichloridate in 50 ml of tetrahydrofuran was added dropwise and the reaction was conducted at 50°C for 4 hours. After 
completion of the reaction, the reaction mixture was filtered and the filtrate was diluted with 200 ml of diluted hydrochlo- 
ric acid under ice-cooling. After stirring, the mixture was extracted with 300 ml of ethyl acetate and the extract was 
washed with 300 ml of saturated aqueous sodium hydrogen carbonate solution and dehydrated over anhydrous mag- 

io nesium sulfate. The ethyl acetate was then distilled off under reduced pressure. The residue was dissolved in 300 ml of 
ethyl acetate and, after addition of 4.0 g of palladium (5%) -on-carbon, hydrogen gas was bubbled through the solution 
at atmospheric pressure for about 16 hours. After completion of the catalytic reduction reaction, the palladium-on-car- 
bon was filtered off and the filtrate was washed with 3.5% hydrochloric acid and further with saturated aqueous sodium 
hydrogen carbonate solution. The ethyl acetate layer was dehydrated over anhydrous magnesium sulfate and the ethyl 

15 acetate was distilled off under reduced pressure to give 26 g of oil. This oil, 200 mg, was fractionated by HPLC under 
the conditions indicated below for a total of 6 times. The principal fractions were pooled and concentrated to 1/3 volume 
and extracted using the same volume of ethyl acetate and purified water. The ethyl acetate layer was dehydrated over 
anhydrous magnesium sulfate and the ethyl acetate was distilled off under reduced pressure to give a colorless oil. This 
oil was dissolved in 40 ml of isopropyi alcohol and adjusted to pH 6 with 1 N-potassium hydroxide/isopropyl alcohol for 

20 crystallization. The crystals were centrifugal ly collected and dried in vacuo to provide 90 mg of the objective L-ascorbic 
acid 5-[3.4-dihydro-2,5,7,8-tetramethyl-2-(4.8,12-trimethyltridecyl)-2H-1-benzopyran-6-yl hydrogen phosphate] potas- 
sium. 



25 



(HPLC conditions for fractionation) 



Column: YMC-Pack ODS S-5 20x 250 mm 

Mobile phase: Dissolve 0.4 g of crystalline sodium dihydrogen phosphate, 0.3 g of sodium chloride, and 1 1.2 g of 
sodium perchlorate in 200 ml of water, add 500 ml of methanol and 450 ml of acetonitrile to the solu- 
tion, and adjust the mixture to pH 4 with phosphoric acid. 

30 Flow rate: 20 ml/min. 

Wavelength: 225 nm 

IR (cm' 1 , KBr) 3405 (O-H), 2927 (chain, C-H). 1764 (C=0), 1681 (C=C), 1461 (C-H), 1087 (P-O-C). 
1 H-NMR (CD 3 OD270 MHz) 6 : 0.84-0.89 (m, 12H), 1.11-1.58 (m, 21H), 1.20 (s, 3H), 1.74-1.80 (m, 
2H), 2.03 (s. 3H), 2.15 (s, 3H), 2.19 (s, 3H). 2.58 (t, 2H), 3.67 (dd. 1H), 3.85 (dd, 1H), 4.56-4.65 (m, 

35 1H),4.96(dd. 1H). 

13 C-NMR (CD 3 OD67.5 MHz) 8 : 12.1, 13.5. 14.4, 20.1, 20.2, 21, 8. 22.1, 23.1, 24.2, 25.4, 25.9. 29.2, 
32.8, 33.9, 38.3. 38.8, 40.6, 40.8, 62.4, 64.7, 75.9, 76.3, 118.4, 120.3. 123.2, 127.0, 128.8. 144.2. 
144.3, 148.9. 154.7, 173.5. SIMS-MSm/s707 (M+H) + 

40 Example 2 Effect of 5-ascorbic acid 5-[3,4-dihydro-2,5,7,8-tetramethyl-2-(4,8,12-trimethyrtridecyl)-2H-1-benzopyran-6- 
yl hydrogen phosphate] potassium on autooxidation of the rat brain homogenate 

Rats of Wistar strain (male, 1 1 weeks old) were used. The animal was decapitated and the brain was enucleated 
and homogenized in 4 ml/gram of 50 mM phosphate-buffered saline (pH 7.4). The homogenate was centrrfuged (1000 

45 g, 10 min.) and the supernatant was harvested. The test solution was set to 10' 7 - 1 0" 4 M (dissolved at a final ethanol 
concentration of 1%). To 100 u I of the test solution was added 200 *i I of the brain homogenate as well as 700 u I of 
phosphate-buffered saline and the mixture was incubated at 37°C for 30 minutes for lipid peroxidation. The reaction was 
stopped with 200 \i I of 35% perchloric acid and centrifuged (1300 g, 10 min.) and the MDA (malondialdehyde) value of 
the supernatant was determined by the TBA (thiobarbrturic acid) method. 

so The results are shown in Table 1 . 
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Table 1 



10 



Effect of the pr sent compound on 
lipid peroxidation in rat brain 
homogenate 


Concentration (M) 


Inhibition (%) 


10 4 


98.5 


10" 5 


987 


10' 6 


93.3 


10- 7 


24.7 



15 It is apparent from Table 1 that L-ascorbic acid 5-[3 P 4-dihydro-2 l 5,7,8-tetramethyl-2-(4,8,12-trimethyltridecyl)-2H-1 - 
benzopyran-6-yl hydrogen phosphate] potassium inhibits autooxidation of the rat brain homogenate to a remarkable 
extent. 

Example 3 The DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging action of L-ascorbic acid 5-[3,4-dihydro- 
20 2,5,7.8-tetramethyl-2-(4,8,1 2-trimethyltridecyl)-2H-1 -benzopyran-6-yl hydrogen phosphate] potassium 

To 2.7 ml of 0.1 1 mM-DPPH/ethanol was added 300 u I of the test solution and the mixture was stirred and allowed 
to stand for 20 minutes. Then, the absorbance was measured at 51 7 nm. The radical scavenging effect (%) of each test 
solution was calculated by means of the following equation. 



25 



Radical scavenging effect (%) = (absorbance <*g«*£«^« test »*■"> x 100 



30 



The results are shown in Table 2. 



Table 2 
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Scavenging Effect of the present 
compound on DPPH radical 


Concentration (M) 


Inhibition (%) 


10" 3 


96.7 


10* 4 


97.3 


5x 10" 5 


71.7 


10" 5 


13.1 



45 



50 



It is apparent from Table 2 that L-ascorbic acid 5-[3 I 4-dihydro-2,5.7.8-tetramethyl-2-(4,8, 1 2-trimethyrtridecyl)-2H-1 - 
benzopyran-6-yl hydrogen phosphate] potassium scavenges DPPH radicals to a remarkable extent. 

Formulation Example 1 Injection 
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L-Ascorbic acid 5-[3,4-dihydro-2,5,7,8-tetramethyl-2-(4 1 8 1 1 2-trimethyttridecyl)-2H-1 - 
benzopyran-6-yl hydrogen phosphate] potassium 

Glucose 

Distilled water for injection 



20 mg 
5g 

to make 100 ml 
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Using th above components, an injection is prepared by the routine procedure. 
Formulation Example 2 Ophthalmic solution 



L-Ascorbic acid 5-[3,4<Jihydro-2,5,7 I 8-tetramethyl-2-(4,8 1 1 2-trimethyltridecyl)-2H-l - 
benzopyran-6-yl hydrogen phosphate] potassium 


0.5 g 


Boric acid 


1.8g 


Benzalkonium chloride 


0.005 g 


Sodium hydroxide 


qs. 




pH 7.3 



The above components are mixed in the routine manner to provide an ophthalmic solution. 
Formulation Example 3 Oral tablets 



L-Ascorbic acid 5-[3,4-dihydro-2,5.7,8-tetramethyl-2-(4,8, 1 2-trimethyltridecyl)-2H-1 - 
benzopyran-6-yl hydrogen phosphate] potassium 


100 mg 


Lactose 


80 mg 


Starch 


17 mg 


Magnesium stearate 


3 mg 



The above components per tablet are compressed in the routine manner to provide tablets. 
Formulation Example 4 Toilet water 



L-Ascorbic acid 5-[3.4-dihydro-2,5,7,8-tetramethyl-2-(4 t 8, 1 2-trimethyltridecyl)-2H-1 - 
benzopyran-6-yl hydrogen phosphate] potassium 


1.0g 


Citric acid 


0.1 g 


Glycerin 


5.0 g 


Ethanol 


8.0 ml 


Methyl p-hydroxybenzoate 


0.1 g 


Sterilized pure water 


to make 100 ml 



Using the above components, a toilet water is prepared in the routine manner. 



Formulation Example 5 Cosmetic cream 
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I -Ac/* or h> if ao'iri ^.f*5 AwSihvH m-9 ^ 7 ft-totra motfi\/l-9-i , A A 19-triiTiofh\/ltriHe»/*v/n-9l-l..1- 
l_ r\ooui uio ctuiu ^"[o.H'Tjiiiyui w t,v), / ,o icii cti mcu iyi-fc-^*t P o, i& uiiiieuiyiuiuevyi^ •tn" i 


1 n n 

i .u g 


benzopyran-6-yl hydrogen phosphate) potassium 




Stearic acid 


2.0 g 


Stearyl alcohol 


7.0 g 


Squalane 


5.0 g 


Octyldodecanol 


6.0 g 


Polyoxyethylene(15) cetyl ether 


3.0 g 


Glycerin monostearate 


2.0 g 


Propylene glycol 


5.0 g 


Methyl p-hydroxybenzoate 


0.2 g 


Propyl p-hydroxybenzoate 


0.1 g 


Sterilized pure water 


68.7 g 



The above components are mixed to provide a cosmetic cream. 

Compound (I) according to the present invention has potent antioxidant (radical-scavenging) activity and high 
water-solubility and can, therefore, be used with advantage as a prophylactic and therapeutic agent for ischemic organ 
diseases (e.g. myocardial infarction, heart failure, arrhythmia, cerebral infarction, stroke (cerebral apoplexy), renal fail- 
ure, etc.), cataract, and other diseases or as an antiaging drug. Moreover, compound (0 is expected to find application 
as a prophylactic and therapeutic agent for climacteric disturbance or as an arrti inflammatory drug. Compound (I) is 
further of value as a UV-absorbing, skin conditioning ingredient in cosmetic products, as a stabilizer for other cosmetic 
materials, or even as a food additive. 

Claims 

1. A phosphoric diester of formula (I) which is available on di-esterification of phosphoric acid with L-ascorbic acid 
involving its 5-hydroxyt group and tocopherol involving its hydroxy! group or a pharmacologically acceptable salt 
thereof. 



O 




(I) 



2. The phosphoric diester or pharmacologically acceptable salt according to Claim 1 wherein said tocopherol is a - 
tocopherol. 

3. A process for producing the phosphoric diester or pharmacologically acceptable salt of Claim 1 or 2 which com- 
prises reacting a 2- and 3-protected ascorbic acid of formula (II) wherein each A represents a hydroxy-protecting 
group with a tocopheryl dihalogen phosphate of formula (III) wherein each X represents halogen to give a com- 
pound of formula (IV) wherein A is as defined above and deprotecting said compound (IV) as represented by the 
following reaction schema. 
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35 



40 



45 



50 



4. An antioxidant composition comprising the phosphoric diester or pharmacologically acceptable salt of Claim 1 or 2. 

5. A prophylactic and therapeutic composition for ischemic organ disorders which comprises the phosphoric diester 
or pharmacologically acceptable salt of Claim 1 or 2. 
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